Introduction

Chronic cough
Chronic cough in adults is usually defined as cough that has been present for at least 8 weeks. 1 It is a relatively common symptom, being reported by 11-18% of the general population, [2] [3] [4] and is recognized to be more prevalent in women. [5] [6] [7] Chronic cough is a non-specific symptom and may be associated with significant impairment of quality of life. 8, 9 It has a wide range of possible etiologies, with very different prognoses. Within the respiratory system, the cause may reflect airway [10] [11] [12] or interstitial disease, 13, 14 benign or malignant processes, 15 and allergic 16 or irritant mechanisms. 17, 18 Chronic cough may also originate outside the respiratory tract, for example, from the gastrointestinal tract, 19, 20 the nervous system, 21 or the head and neck. 22 The underlying cause of the cough may be relatively simple to diagnose, based on associated features in the history, chest auscultation, and chest X-ray appearance. 23 However, when chronic cough is the predominant or only symptom, and simple radiology is unhelpful, the cause may remain unclear. Chronic cough in this situation requires more specialist assessment, commonly prompting secondary care referral. 1 Specialist clinics have been set up in some centers to deal specifically with chronic cough; 23 national and international management guidelines have also recently been published. 1, 24 The commonest causes of unexplained chronic cough in patients attending specialist cough clinics include upper airway cough syndrome (UACS) or cough variant rhinitis, 25 eosinophilic airway disorders, 10, 26 and cough variant acid reflux. 19, 20, 27 
Chronic cough and occupation
As with other respiratory symptoms, chronic cough may be more problematic in the workplace simply because of a variety of non-specific exacerbating factors not commonly found in the domestic environment. For cough, these exacerbating factors are likely to include: general irritant exposures; marked changes in temperature; increased physical activity; or a requirement to talk for prolonged periods. Alternatively, the chronic cough may be a symptom of a disease induced by a specific occupational exposure to a fume, dust, gas, or vapor. This situation is analogous to the relationship between asthma and work, 28 such that chronic cough may be work-exacerbated, or truly occupational. It is, therefore, of paramount importance that an assessment of patients with chronic cough includes a detailed history of current and previous occupational exposures. It should also specifically enquire as to whether the patient feels that the cough improves on holidays or weekends/rest days, or is exacerbated by any specific exposures in the workplace. This article will review the occupational considerations required in assessing patients with chronic cough, and review the limited published literature investigating the relationship between occupational exposures and cough reflex sensitivity. Examples of the wide range of occupational causes of chronic cough are shown in Table 1 .
Airway disease
Acute irritant exposures
The cough reflex is designed to be a natural defense mechanism, and acute coughing is a normal protective response to inhaled irritants. However, the cough may persist, and become chronic, because of damage induced by high-dose exposures to a wide variety of fumes, dusts, gases, and vapors encountered in the workplace.
Chronic cough may develop as a non-specific response to inhalation accidents, which may directly injure any part of the respiratory system from nasal mucosa to alveolus. The extent and site of damage depends not only on the total dose of irritant but also its solubility and odor. 29, 30 Inhaled gases such as ammonia, with unpleasant odors, or high water solubility causing immediate upper airway symptoms, are more likely to prompt workers to remove themselves from further exposures where possible, so minimizing further harm. Less soluble gases (e.g., ozone) may not produce immediate unpleasant effects, which may lead to workers inhaling higher total doses of irritant.
High-dose inhalation of a number of different gases and metals may result in upper airway injury, 31 vocal cord dysfunction, [32] [33] [34] tracheitis, bronchitis, bronchiolitis, pneumonitis, pulmonary edema, or adult respiratory distress syndrome (ARDS). [35] [36] [37] [38] Delayed bronchiolitis, either obstructive with progressive irreversible airflow obstruction, or with organizing pneumonia (BOOP) may also follow several days or weeks after exposure to inhaled gases such ammonia, sulfur dioxide, or oxides of nitrogen. 39, 40 Asthma may also develop following exposure to a high-dose irritant in the workplace, and it is estimated that approximately 10% of occupational asthma has this type of etiology. This nonimmunological condition termed acute irritantinduced asthma or RADS (reactive airways dysfunction syndrome) was first described in the 1980s. 41 A case series of workers with no previous respiratory problems developed persistent asthma shortly after single massive accidental exposures to fumes, gases, or smoke. Such patients usually require hospitalization, and develop cough and wheezing with evidence of increased airway responsiveness. Symptoms usually last more than 3 months, and asthma may persist for many years, or remain life long. Many substances have been confirmed as causes of acute irritant-induced asthma. These include: gases (e.g., chlorine 42 and sulfur dioxide 43 ), acids (e.g., glacial acetic 44 and hydrochloric 45 ), chemicals (e.g., isocyanates, 46, 47 and ethylene oxide 48 ), diesel exhaust, 49 smoke, 41 and agents used for bleaching, fumigating, or cleaning. 41, 50 A recent high profile example of an irritant exposure sufficiently severe enough to induce asthma in previously healthy individuals was in rescue workers exposed to massive levels of dust generated by the collapse of the World Trade Center (WTC). 51, 52 Whatever the underlying etiology of chronic cough following acute irritant exposure, the history is usually quite clear. Workers report persistent cough and other respiratory symptoms, which were acutely precipitated by a high-dose exposure to a fume, dust, gas, or vapor, often in a poorly ventilated area, and often necessitating hospital admission. Workers developing acute irritantinduced asthma have a variable prognosis, and should be treated with prolonged inhaled corticosteroid therapy to minimize airway responsiveness. 42 In contrast to acute high-dose irritant inhalation injuries, the relationship between conditions typified by chronic cough and recurrent low-dose irritant exposures is less well understood. Two separate studies of glass bottle workers, chronically exposed to a number of respiratory irritants, 53, 17 have reported an excess of non-asthmatic cough, a condition termed "cough and airway irritancy syndrome" by one author. 18 Whether recurrent low-dose irritant exposures (sometimes referred to as lowdose RADS) can also induce asthma remains controversial. 54, 55 Eosinophilic airway disease Asthma is one of the commonest causes of chronic cough in adults, and in some individuals is the only presenting symptom. 26 Cough-variant asthma was first recognized in the 1970s, 56 and is typified by a steroid-responsive cough, associated with increased airway responsiveness and sputum eosinophilia, but without demonstrable changes in serial peak flow measurements. In the 1980s, 57 it was further recognized that chronic cough may also occur because of eosinophilic bronchitis in the absence of airway responsiveness. 58, 59 It is likely, therefore, that these conditions represent different parts of a continuum of eosinophilic airway inflammation, 10 and there is some evidence from longitudinal studies that patients with eosinophilic bronchitis or coughvariant asthma may go on to develop airflow obstruction and other clinical features of asthma. 16, [60] [61] [62] Occupational exposures have been associated with all three of these eosinophilic conditions, and should therefore be considered for all employed patients presenting with chronic cough (in a similar way to considering occupational asthma in all those developing new adult-onset asthma). 63 Chronic cough relating to occupational asthma is well recognized, and it has been estimated that workplace exposures are responsible for between 9% and 15% of all cases of adult-onset asthma. 64 Cough-variant asthma and eosinophilic bronchitis may be more difficult to recognize as being occupational in nature given that by definition they lack some of the classical symptoms of asthma (such as wheeze and chest tightness), and measurements of serial peak flows are usually normal. 10 Objective confirmation of these conditions, therefore, requires the demonstration of work-related changes in physiological tests such as sputum eosinophilia, airway responsiveness, or specific inhalation challenges, which may not be readily accessible. 65 Such tests have, however, been used to confirm cases of cough variant asthma in bakers, 66 and eosinophilic bronchitis in workers exposed to egg protein, 67 epoxy resin, 68 acrylates, 69 latex, 70 mushrooms, 71 chloramine, 72 welding fume, 73 formaldehyde, 73 flour, 74 and isocyanates. 74 Although cases have been described for relatively few occupational allergens, it is likely that this list will grow over time, with increased awareness of these conditions.
There is clear evidence in occupational asthma that prognosis may be improved by early diagnosis and removal from further allergen exposure. 75, 76 It is also clear that chronic asthma may persist long after removal from the responsible allergen. 77 It is, therefore, important to recognize occupational allergies early, to allow modification of exposure, in an attempt to prevent the potential chronic disability and adverse socio-economic outcomes associated with occupational asthma. 78, 79 There is some evidence that workers developing baker's asthma commonly experience attacks of coughing at work for several years before the onset of asthma. 16 It seems reasonable therefore to advise that these conditions be considered in allergen-exposed workers reporting chronic cough, and to routinely enquire about work-related variability in symptoms in all employed workers developing chronic cough. Workers suspected of developing occupational eosinophilic airway diseases may benefit from early access to specialists in occupational respiratory disease.
Other than avoidance of further exposure, occupational asthma, cough-variant asthma, or eosinophilic bronchitis should be treated along standard lines with inhaled corticosteroids and bronchodilators. [80] [81] [82] [83] Upper airway cough syndrome UACS is one of the commonest causes of chronic unexplained cough in patients attending cough clinics. 23 Affected individuals may report nasal congestion or discharge, a sensation of post-nasal drip, and regular throat clearing. 1, 23, 25 The etiology of UACS may reflect bacterial or fungal sinusitis, or rhinitis because of pregnancy, anatomical abnormalities, allergic or non-allergic mechanisms. 25 Occupational rhinitis is by definition caused by workplace exposures, and may have an immunological, irritant, or corrosive etiology. 84 It is relatively common, being two to three times more prevalent than occupational asthma. 85, 86 Workplace allergens, particularly of high molecular weight that are well-recognized occupational asthmagens, are also frequently associated with allergic IgE-mediated rhinitis. 63 Workers developing allergic occupational rhinitis are at an increased risk of developing occupational asthma, particularly in the following year. 87 Chronic exposure to irritant fume, dust, gases, and vapors may also cause occupational rhinitis. 84 Less commonly, a condition analogous to RADS may affect the upper airway, resulting from acute high-dose irritant exposures. This condition has been termed RUDS (reactive upper airway dysfunction syndrome), 88 and examples of causative exposures include WTC dust 52 and chlorine dioxide. 31 Occupational rhinitis may be diagnosed on the basis of a work-related exacerbation of nasal symptoms, supported by evidence of sensitization to highmolecular weight allergens. Objective testing to confirm the diagnosis may also be used in terms of nasal provocation challenge, responses in nasal lavage fluid, peak nasal inspiratory flow, or acoustic rhinometry. 89 Treatment relies on avoidance of exposures, antihistamines, and nasal corticosteroids. 90 
Chronic bronchitis
Chronic cough in terms of chronic bronchitis is usually defined as a cough that is productive of sputum, occurring on most days for at least 3 months of the year, for at least two consecutive years. This condition affects many millions of people around the world, and may occur independently of airflow obstruction. 91 Chronic bronchitis is strongly associated with a response to inhaled tobacco smoke, but this is not the only cause, as an estimated 6% of US patients with chronic obstructive pulmonary disease (COPD) have never smoked. 92 Although a link between dusty occupational exposures and chronic bronchitis has been recognized since the 19th century, it was not until the 1950s that epidemiological data confirming this was published. [93] [94] [95] . More recently the American Thoracic Society reviewed the available epidemiological evidence, and concluded that occupational exposures to fumes, dusts, gases, and vapors contributed approximately 15% to the population burden of chronic bronchitis. 64 Establishing a causal link between a particular occupational exposure and chronic bronchitis may be difficult, not only because of the strong confounding effect of smoking but also the lack of suitable large populations of workers with known exposures to study. Perhaps the best-characterized etiological exposures linked to chronic bronchitis have therefore come from miners exposed to a variety of inhaled mineral dusts. 96 Data from a large population of British coal miners estimated the risk of chronic bronchitis in non-smoking miners from coal dust exposure, to be similar to that of smoking. 97 Chronic bronchitis has also been shown in a number of studies to be linked to the intensity and duration of silica dust exposure in gold mining. 98 Exposure to organic dusts containing endotoxin, such as grain and cotton, has also been linked with chronic bronchitis. 99 Grain dust is of particular interest as it may cause cough by a number of different mechanisms. Grain elevator work is a wellrecognized cause of allergic occupational asthma, but may also cause a non-allergic work-related chronic productive cough because of chronic bronchitis. 100 Acute exposure may also result in an acute self-limiting febrile condition known as grain fever, a form of organic dust toxic syndrome 101 or acute airflow obstruction in previously non-exposed individuals. 102 Epidemiological studies have also reported an increased risk of chronic bronchitis in populations of workers exposed to a wide range of other fumes, dusts, gases, and vapors. Examples include food processors, 103 chemical workers, 103 welders, 104 painters, 105 tunnelers, 106 steel mill workers, 107 and poultry handlers. 108 The cough of occupational chronic bronchitis should improve with a reduction in workplace irritant exposures, 109 in the same way that the chronic cough related to smoking improves with quitting. 110 
Chronic interstitial pulmonary disease
Extrinsic allergic alveolitis (hypersensitivity pneumonitis)
Extrinsic allergic alveolitis (EAA) commonly has an occupational etiology, 111 and is interestingly much less common in smokers. 112 Patients often present
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Occupational chronic cough CM Barber and D Fishwick with chronic cough and breathlessness in the subacute and chronic forms of this disease, 113 being more obviously work-related in the former than the latter. The condition may only be suspected following the identification that a symptomatic patient is in an at-risk group based on social or occupational history, or following typical features of highresolution CT scanning. 114 In cases where diagnostic doubt exists, the demonstration of a lymphocytic alveolitis on bronchoalveolar lavage, or granulomas on lung biopsy are supportive evidence. 115 In cases with recognized exposures, the presence of specific precipitating IgG antibodies may also be helpful. 116 Rarely, specific inhalation challenges may be performed with nebulized antigen. 117, 118 The occupational causes of EAA can be broken down in general to exposures to: microbes contaminating organic matter (e.g., farmer's lung 118 ); animals and vegetable proteins (e.g., bird fancier's lung 119 ); and chemicals (e.g., isocyanates 120 ). However, the etiology of the commonest cause of occupational EAA outbreaks currently in the United Kingdom, in workers manufacturing car parts, 121 remains to be fully established. Similar outbreaks of alveolitis have also occurred in the United States, 122 and contaminated metal working fluids have been implicated as causative. Metal working fluids (or cutting oils) are a complex mixture of water with many chemicals, including biocides, depending on the exact characteristics required for production. These fluids may be continually recirculated, and become contaminated with fungi, bacteria, atypical mycobacteria, leaking engineering oil (tramp oil), and dissolved metals such as cobalt. Further biocides may also be added to reduce bacterial contamination. 123 Challenge tests with clean and used fluids have reported responses relating only to the latter, suggesting that contamination is important in the etiology. 123 A high index of suspicion is, therefore, required when seeing patients with chronic cough who are exposed to metal working fluids, as this exposure may result in EAA, occupational asthma, and occupational bronchitis. 122, 123 Chronic cough because of subacute EAA should improve with removal from further workplace exposures, and although oral corticosteroid therapy may be effective in increasing the rate of resolution of such symptoms, there is little evidence that they modify the final outcome. 124 In chronic EAA, with established pulmonary fibrosis, symptoms may be more difficult to treat. Clearly, further antigen exposure should be avoided, and a trial of oral corticosteroids should be considered in severe or progressive disease. 112 
Asbestosis, pneumoconiosis, berylliosis, and hard metal disease
Chronic exposure to a number of different inhaled agents in the workplace may result in chronic cough caused by interstitial lung disease or complicated pneumoconiosis. 109 Chronic cough is a common symptom in interstitial lung disease, reported by approximately 80% of those affected. 125 These conditions vary from those which are well recognized (e.g., asbestosis) to those which are very rare (e.g., berylliosis). In general terms, these conditions are usually suspected based on symptoms, chest radiology, and a suitable occupational history.
A detailed history of previous asbestos exposure is routine in patients presenting with diffuse pulmonary fibrosis because it may be impossible radiologically to differentiate asbestosis from idiopathic pulmonary fibrosis. 126 This condition is usually slowly progressive, and there is usually a history of moderate or heavy exposures to asbestos, often over a prolonged period, many years before consultation. 127 Simple pneumoconiosis is usually asymptomatic, but chronic cough may develop with complicated pneumoconiosis from previous mineral dust exposure such as in silicosis. This condition typically has a long latency, and previous chest radiology may be very helpful in this situation. 128 Those with silicosis have a well-established increased risk of tuberculosis, which may also be relevant in those with chronic cough and constitutional symptoms. 129 Examples of less common occupational diffuse lung diseases include berylliosis (a granulomatous disease because of working with or near the metal beryllium), 130 and hard metal lung disease (a giant cell interstitial pneumonia in hard metal tool workers exposed to cobalt and tungsten carbide). 131 These conditions may be clinically and radiologically indistinguishable from the non-occupational respiratory conditions sarcoidosis and idiopathic pulmonary fibrosis, respectively. Without a detailed occupational history, these conditions are likely to remain unsuspected, which may leave workers harmfully exposed, or more likely prevent adequate compensation advice. Confirmation of the diagnosis is likely to require an assessment in a specialist centre, with access to the beryllium lymphocyte proliferation test, and the experience to recognize giant cells in alveolar lavage or lung biopsy specimens.
Patients developing these conditions while still working with the etiological agent are clearly likely to benefit from removal from further exposures. It may be more difficult to recognize such conditions with long latency when exposures are historical, perhaps several decades before the development of symptoms. In this situation, patients require accurate diagnosis to enable an informed discussion of prognosis and compensation eligibility. It should also be noted that a worsening cough in patients with some of these conditions might reflect the development of lung cancer, as many of the agents responsible are also known lung carcinogens (e.g., asbestos 132 and silica 133 ).
Gastro-esophageal disease
Gastro-esophageal reflux is a common cause of chronic cough, and may be particularly difficult to recognize when the symptoms of reflux are absent. 27 Although a number of tests may be used to investigate the condition (such as 24-h pH monitoring, barium studies, and endoscopy), it is often diagnosed based on response to empirical therapy. 134 The diagnosis can reasonably be suspected clinically in all patients with chronic cough who have symptoms of reflux, or who report that their cough is affected by food. In many cases, however, there are no clues from the history, and the reflux is entirely silent. In this case, the diagnosis should be suspected in those with normal chest X-rays, where there has been no response to inhaled corticosteroids, and where there are no features of UACS. In this clinical situation, a several month trial of anti-reflux diet and proton pump inhibitor is usually given, with further tests reserved for those who do not respond. 27 This condition does not normally have an occupational cause, and if patients with reflux and cough report a work-relation this may suggest either an alternative co-existing diagnosis (such as asthma or rhinitis), or coincidental exposure to a workplace irritant. Whether workers performing repetitive manual tasks involving lifting and bending which may exacerbate acid reflux report increased cough at work has not been established.
There has, however, been a very high profile outbreak of occupational cough, which was also associated with a high prevalence of reflux symptoms. 135 In the aftermath of September 11th WTC terrorist attack, thousands of New York fire-fighters were exposed to high levels of airborne smoke and building dusts. Several hundred workers developed a chronic cough syndrome (termed WTC cough), which required at least 4 weeks of sickness absence, and started shortly after exposure. There appeared to be a dose-response relationship in this condition, with the prevalence of cough being 8%, 3%, and 1% in those with high, moderate, and low exposures, respectively, based on time of arrival at the site. The etiology of this cough remains uncertain, the majority (96%) having no new findings on chest radiographs, and approximately three-quarters having normal levels of airway responsiveness. Many of the workers did report co-existing upper airway symptoms in terms of new or worsening nasal congestion or nasal drip following exposure. Interestingly, 87% of the fire fighters with persistent cough also reported new or worsening symptoms of gastroesophageal reflux, the exact mechanism being unclear. It is possible that the cough and reflux symptoms simply reflected two different systems responding to the same extreme irritant insult. Given such a high prevalence of reflux symptoms, however, it seems likely that this is a rare example of reflux being implicated in exacerbating, and possibly causing, occupational chronic cough.
Occupational chronic cough and the cough reflex
The first studies experimentally inducing cough in human subjects stimulated the cough reflex with inhaled citric acid, and were published as far back as the 1950s. 136, 137 Since that time, other tussive agents have also been used, which include capsaicin 11 (the pungent irritant extract of chilli peppers), tartaric acid, 6 acetic acid, 138 and distilled water. 138, 139 A wide variety of cough challenge protocols have since been used, without any single challenge emerging as a standard. The majority of cough challenges work on the same principal; that is, subjects inhale a known concentration of tussive agent that has been produced by a nebulizer, the number of coughs produced is counted, and a cough threshold is calculated. 140 Artificial cough challenges have been used to investigate cough reflex sensitivity in some detail, both in normal healthy volunteers and in disease states. Such research has allowed a greatly increased understanding of the cough reflex in general, [5] [6] [7] [141] [142] [143] [144] [145] [146] and allowed a method for assessing the effectiveness of antitussive agents. 140 It has also facilitated studies which have reported the importance of increased cough reflex sensitivity in many of the common conditions where chronic cough is an important symptom such as COPD, 11, 12 ILD, 13,14 eosinophilic bronchitis, 59 upper airway infection, 147 and cough variant reflux. 19 
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Despite the widespread availability of cough challenges, and the frequency with which cough is caused or exacerbated by occupational exposures, to date there have been surprisingly few published studies in this area. Indeed to date, we are only aware of two published studies in occupational groups. 17, 18, 148 
Chilli pepper workers
In 1991, Blanc, et al. 148 studied symptoms and capsaicin cough reflex sensitivity in chilli pepper workers chronically exposed to capsaicin. They carried out a cross-sectional study, comparing symptoms, lung function, and capsaicin cough threshold in exposed and unexposed workers from the same worksite. They found that chilli-exposed workers reported more cough during the day, and cough disturbing sleep than the unexposed workers. Asthmatic symptoms were similar in both groups as was lung function measured by spirometry. The results of the cough challenge reported that exposed workers showed a bimodal distribution of cough thresholds, whereas the unexposed group thresholds were normally distributed. The bimodal distribution was also found in the sub-group of workers with work-related cough, but there was no clear relationship with measures of exposure.
Glass bottle workers
A similar study was carried out in a glass bottle manufacturing plant following the recognition that glass bottle workers commonly experienced workrelated upper respiratory tract irritant symptoms. 53 Glass bottle production involves exposures to a number of known respiratory irritants (including oxides of sulfur, ozone, and hydrochloric acid), with respiratory symptoms being more commonly reported at the "hot end" of the production line (the end near the bottle making machine and the stannic chloride sprayers) rather than the cold end (where a water and wax final finish was applied). A detailed investigation of glass bottle workers was carried out in the United Kingdom by a Sheffield group in 1997. 17, 18 They performed a matched pair analysis comparing symptomatic glass bottle workers, with unexposed hospital workers. They found that glass bottle workers reported a statistically significant excess of cough, shortness of breath, and mucous membrane irritation, but not wheeze, when compared with the matched group. They went on to show that the glass bottle workers also had increased cough reflex sensitivities to both citric acid and capsaicin, without significant differences in bronchial reactivity to methacholine. The pattern of their immune responses as measured by flow cytometry was markedly different to that typical of allergic asthma. They concluded that the glass bottle workers with work-related respiratory symptoms were not suffering from occupational asthma, but a new irritant-induced condition that they termed "cough and airways irritancy syndrome."
Conclusions
This article has served to highlight the importance of considering occupational exposures in adults presenting with chronic cough, in terms of both causation and aggravation of symptoms. All employed patients should be asked directly about improvements in cough at weekends or on holidays, and whether they associate their cough with any fumes, dusts, gases, or vapors in the workplace. A detailed occupational history of current and previous exposures may be required, including access to safety data sheets. Where an occupational cause is suspected, further support may be sought from a respiratory physician with a specific interest in occupational lung disease, to facilitate access to specialized tests, and appropriate advice regarding exposure modification, prognosis, and compensation. Early, accurate diagnosis, linked to rapid removal from further harmful exposures is likely to result in the best outcome for affected workers who are still in employment at the time of presentation.
Little is currently understood about the complex interactions between chronic cough, cough reflex sensitivity, and workplace exposures. Clearly, this is an area where more research is required, particularly in workplaces with chronic exposures to lowdose irritants.
Key points
1. Chronic cough is a common symptom in a wide range of occupational respiratory diseases.
Patients with chronic cough should routinely
be asked about occupational exposures to fumes, dusts, gases, and vapors, and whether their cough improves away from work.
